collectively called shade avoidance syndrome are predicted to increase the competitive ability of individual Ballaré and Casal, 2000). Under field condi- 
the resources available for the growth of harvestable stem and received the R/FR ratio of unfiltered sunlight. In experiments organs (Ballaré et al., 1992 (Ballaré et al., , 1997 Smith, 1992; with the open pollinated cultivar Guayacá n II, the hybrid 'Dekalb Ballaré and Casal, 2000) . Under field condi- early pod set (Heindl and Brun, 1983) . Mild overexpresserved. The negative correlation between stem growth and yield did sion of the photoreceptor phytochrome A in transgenic not extend to the genetic variability observed for plant stature and tobacco (Nicotiana tabacum L.) causes density-depengrain yield. We propose that the promotion of stem growth by the dent dwarfing (the plants become shorter and not taller low R/FR ratios typical of dense stands could reduce the resources with increasing plant density) and increases leaf-to-stem available for grain yield in sunflower crops.
dry weight ratio (Robson et al., 1996) . Overexpression of phytochrome B in transgenic potato (Solanum tuberosum L.) plants grown in pots in the glasshouse in-G rain yield in irrigated sunflower crops can show creases both photosynthesis and, depending on the duraconsiderable stability across a wide range of plant tion of the cycle, tuber yield per plant (Thiele et al., densities (5-10 plants m
Ϫ2
; . A 1999). Whether the low R/FR ratios reaching the stem comparable situation is found in many crops as a result of crop plants can affect yield has not been established. of compensation between plant density and yield per
The objective of this work was to investigate whether plant within the range of stable yields. The negative low R/FR signals reaching the stem affect stem growth effect of plant density on yield per plant has a comand yield in sunflower plants. ponent associated with the reduced availability of resources per plant. Competition for water, nutrients, and MATERIALS AND METHODS photosynthetically active radiation (PAR) become more intense when the plants are grown more densely.
Experimental Design and Culture The architecture of the canopy not only alters the Seeds of sunflower were sown on moistened cotton wool availability of resources but also generates photomorin clear plastic boxes incubated in darkness at 25ЊC. Shortly phogenic signals. The R/FR ratio of the radiation propaafter germination the seedlings were transplanted to 80-L pots gated horizontally decreases due to selective reflection (two per pot) filled with a mixture of soil and perlite. The on nearby vegetation even before competition for PAR pots were placed outdoors, keeping at least a 1-m distance (i.e., mutual shading) is detectable (Ballaré et al., 1987) .
between adjacent pots, in the experimental area of the Faculty This R/FR ratio signal is established earlier in dense of Agronomy, University of Buenos Aires (34Њ35Ј S, 58Њ29Ј W). The seedlings were thinned to one per pot after establishment. than in sparse canopies (Ballaré et al., 1987) . These Each plant received two applications of fertilizer (grade 12-early signals reach the stem of dicot seedlings, where it 12-17, NPK) to provide 3 g of nitrogen before the fifth pair is perceived by phytochromes and promotes stem elonof leaves was visible. Insecticide (Carbofurá n, 2,3-dihydro-2,2-gation (Ballaré et al., 1987 (Ballaré et al., , 1988 . Low R/FR ratios are dimethyl-7-benzefuranyl-methylcarbamate) was applied to also perceived by phytochromes at the base of the shoot the soil at transplanting. A preventive fungicide (Iprodione, in grass plants, causing reduced tillering (Casal et al., 3-(3,5-dichlorophenyl)-N-isopropyl-2,4-dioxoimidazolidine-1986 (Casal et al., 3-(3,5-dichlorophenyl)-N-isopropyl-2,4-dioxoimidazolidine- , 1987 Skinner and Simmons, 1993 . Twelve (first sowing) or 18 (second (province of Entre Ríos, Argentina), and Las Breñ as (province sowing) plant replicates were used for each light condition of El Chaco, Argentina). Up to four sets of data differing in (i.e., control and low R/FR stem treatment described below) sowing dates, trials, and groups of cultivars with long or short and sowing date was included in the ANOVA as a main plot.
cycles (analyzed separately) were analyzed per location. Each The treatments were applied starting with the first internode.
set of data included a minimum of 17 and a maximum of 41 Stem length was measured every 2 or 3 d from the cotyledoncultivars. The crops were sown at commercial densities at ary node to the apex of the plant. After senescence, the shoots normal sowing dates for the different localities and were not and the heads were harvested and dried at 70ЊC until conirrigated or fertilized. stant weight.
In a separate experiment, plants of the cultivar Dekalb G100 were grown without R/FR treatments until the seventh
RESULTS AND DISCUSSION
internode began to expand (0.46 Ϯ 0.047 cm). The seventh
Stem Growth
internode was grown with either high (control) or low R/FR ratios in factorial combination with or without a plastic mesh Selective light absorption and reflection by green tisplaced on top of the plants to reduce PAR to 40% of incoming sues is known to reduce the R/FR ratio within plant sunlight without affecting the measured spectral composition.
canopies (Smith, 1982) . The low R/FR ratio signal is
The internode was harvested immediately after finishing extension growth and dried at 70ЊC until constant weight. Six first perceived by vertical stems before actual competiplants were used for each combination in a completely rantion for PAR is established (Ballaré et al., 1987) . Plants experiments) to absorb R and reduce the R/FR ratio to 0.3.
Final stem length Dry weight of the head
New filters were added every other day (or more frequently) Analysis of the Genetic Correlation Between † The effects of sowing date were not significant, the effects of R/FR ratio Stature and Yield were significant at P Ͻ 0.0001, and the interaction was not significant. ‡ The effects of sowing date were significant at P Ͻ 0.0001, the effects
The correlation between cultivar final plant height and cultiof R/FR ratio were significant at P Ͻ 0.001, and the interaction was not significant.
var grain yield was analyzed independently for twelve sets of internode increased internode length and internode dry weight without affecting the ratio between dry weight and length (Fig. 3) . Reduced irradiance reaching the whole plant had no statistically significant effects on internode length or dry weight but reduced internode dry weight per unit length. No interactions between the stem R/FR ratio and whole plant irradiance were observed (Fig. 3) .
Grain Yield
Low R/FR treatment applied to the stem reduced the weight of the capitulum in plants of the cultivar Dekalb G100 (Table 1) . To investigate this effect in further detail, two experiments were conducted with the cultivar Guayacá n II (1966), the hybrid Dekalb G100 (1983), and the line MA 566, where grain yield, weight per grain, and number of grains were recorded. The only OVA (sowing date, genotype, R/FR ratio) was that obat the stem. Data include three genotypes (Guayacá n II, Dekalb served between sowing date and cultivar for grain yield G100, and MA 566) and two sowing dates (25 Oct. 1998 and 6 Jan.
and grain number (Table 2) . Data are also presented 1999). Regression line corresponds to least squares fit significant at P Ͻ 0.01.
as the average for the two sowing dates and the three observation and the lack of significant differences on dry weight per grain (Table 2) suggest that competition for resources between the stem and reproductive structures was critical during the generation of grain number, and this in turn conditioned the full expression of grain filling capacity.
Implications for Sunflower Crops
Testing the impact of canopy R/FR ratios by experimental manipulation of these signals at crop level is not feasible with available technology (at least without interfering with PAR). In principle, however, yield responses to R/FR ratio observed here could be an underestimation of those taking place at commercial densities for two reasons. First, while only the light environment of the stem was experimentally modified here, at commercial densities the R/FR ratio signal reaches the stem at early stages of canopy growth and both the stems and the leaves when the leaves mutually shade each other (Rousseaux et al., 1999) . At least in other species, the leaves are also photoreceptive organs that contribute to the stem growth response (Casal and Smith, 1988) . Second, in the present experiments, competition for PAR was negligible, whereas in commercial density crops, the low R/FR signals partially overlap in time with reduced PAR. Lowering PAR does not reduce stem responses to R/FR ratio (Fig. 3) , but scarcity of photoassimilates due to mutual plant shading could exacerbate the competition between the stem and reproductive structures.
Low R/FR ratios increased stem growth and reduced grain yield, but this negative correlation between both variables does not apply to genetic variation. Plants of the cultivar Guayacá n II were the tallest (Fig. 1) but did not yield consistently less than the other cultivars (Table 2) . We have extended a similar analysis to a dates. Actually, in two trials we observed a positive correlation (Fig. 4) . This result indicates that, at least under certain field conditions, genetic variability in suncultivars to concentrate the attention on the effects of flower yield could be the reflection of overall plant vigor, R/FR ratios. Low ratios, in comparison with high R/FR and yield could eventually be improved via changes in ratios, reduced grain yield and grain number, but had no harvest index. The latter possibility is consistent with significant effects on the dry weight per grain (Table 2) . the observation that low R/FR ratios increase stem dry Changes in grain yield were not associated with weight and reduce grain dry weight. changes in phenology as the number of leaves per plant, Since low R/FR ratio signals promote stem growth the date of visible flowering button, and the date of and reduce grain yield, cultivars with impaired stem anthesis were unaffected by the stem R/FR conditions growth responses to R/FR ratio could be more produc-(data not shown). Taking into account that low R/FR tive. Sunflower yield shows stability across a range of ratios increased dry matter allocation to the stem and plant densities due to a balance between number of that sunflower plants allocate a significant proportion plants per unit area and yield per plant (Villalobos et of plant dry weight to the stem (Trapani et al., 1994 (Trapani et al., ), al., 1994 . Reducing the impact of negative responses the reduced yield could be the consequence of competito R/FR ratios would elevate this balance by increasing tion for resources between the stem and the head. The yield per plant. It must be noted that selection for reaverage effect of stem R/FR ratios on yield (mean of duced responses to low R/FR ratio is not equivalent to three cultivars and two sowing dates, Table 2 ) was 16 selection for short stature. First, stature may involve a g plant
Ϫ1
, whereas the average effect of stem R/FR ratios on final stem dry weight was 7.1 g plant Ϫ1 (Fig. 2) . This vigor component. Second, a reduced response to low 
